Background This study investigated whether the inspiratory muscles are susceptible to fatigue during acute airway narrowing because of increased airway resistance and hyperinflation. Methods Asthmatic subjects performed up to four series (on separate days) of 18 maximal static inspiratory efforts of 10 seconds' duration with 10 second rest intervals (50% duty cycle; total duration six minutes): at functional residual capacity (FRC) (control); after histamine induced bronchoconstriction, which decreased forced expiratory volume in one second (FEVy) to a mean of 55% (SD 11%) of the initial value; at a voluntarily increased lung volume (initial volume held at 140% control); and after inhalation of histamine at a voluntarily increased lung volume. Results For the group of subjects the mean (SD) maximal inspiratory pressure (MIP) in the control experiments was 114 (22) cm H20 and the initial volume was 3 5 (l 2) 1. After histamine inhalation the initial lung volume for contractions increased to 118% (5%) of the control volume. In the high lung volume experiments initial volumes were 140% (12%) of the control (volume without histamine) and 140% (15%) (with histamine). The relation between MIP and initial absolute lung volume was determined for each subject before fatigue developed. When the inspiratory pressures for each contraction in the endurance test were normalised to the pressure expected for that lung volume, no significant differences were found between the four experimental conditions for MIP, or between pressures sustained over the 18 contractions. Conclusions Histamine induced bronchoconstriction and hyperinflation had no detectable effect on inspiratory muscle strength or endurance in these asthmatic subjects. (Thorax 1992;47:922-927) The hypothesis that the inspiratory muscles are especially prone to fatigue in acute asthma'2 has never been tested directly. This study investigated whether histamine induced bronchoconstriction or hyperinflation (or a combination of the two) in asthmatic subjects would affect maximal strength and endurance of the inspiratory muscles in a voluntary task. Maximal static contractions were used because they allow the performance of the inspiratory muscles to be measured independently of resistance to air flow.
11%) of the initial value; at a voluntarily increased lung volume (initial volume held at 140% control); and after inhalation of histamine at a voluntarily increased lung volume. Results For the group of subjects the mean (SD) maximal inspiratory pressure (MIP) in the control experiments was 114 (22) cm H20 and the initial volume was 3 5 (l 2) 1. After histamine inhalation the initial lung volume for contractions increased to 118% (5%) of the control volume. In the high lung volume experiments initial volumes were 140% (12%) of the control (volume without histamine) and 140% (15%) (with histamine). The relation between MIP and initial absolute lung volume was determined for each subject before fatigue developed. When the inspiratory pressures for each contraction in the endurance test were normalised to the pressure expected for that lung volume, no significant differences were found between the four experimental conditions for MIP, or between pressures sustained over the 18 contractions. Conclusions Histamine induced bronchoconstriction and hyperinflation had no detectable effect on inspiratory muscle strength or endurance in these asthmatic subjects. (Thorax 1992; 47:922-927) The hypothesis that the inspiratory muscles are especially prone to fatigue in acute asthma '2 has never been tested directly. The increased resistive and elastic loads on breathing and the reduced reserve capacity to generate inspiratory pressures as a result of hyperinflation are likely to promote fatigue. Frequent loading of the inspiratory muscles may, however, act as a training stimulus for endurance.3 This has been documented in patients with poorly controlled asthma with daily symptomatic wheeze of more than 20 minutes' duration, but studied during remission.45 The effect of hyperinflation on inspiratory muscle endurance in healthy subjects is controversial. Although maximal inspiratory pressures (MIPs) are decreased at high lung volumes the ability to sustain inspiratory muscle force with repeated efforts is not compromised.6 By contrast, the endurance time for inspiratory resistive loading is significantly decreased.7
The neuromuscular consequences of acute airway narrowing in asthma, however, cannot be modelled fully by external resistive loading or hyperinflation in healthy subjects or in asthmatic subjects studied in remission. The complex neurohumoral processes and psychological factors associated with acute asthma could affect the voluntary performance of the inspiratory muscles via several mechanisms other than a simple increase in inspiratory load. Histamine induced bronchoconstriction provides a controlled method to simulate acute airway narrowing and hyperinflation,89 and it may also simulate some other features of acute asthma.
This study investigated whether histamine induced bronchoconstriction or hyperinflation (or a combination of the two) in asthmatic subjects would affect maximal strength and endurance of the inspiratory muscles in a voluntary task. Maximal static contractions were used because they allow the performance of the inspiratory muscles to be measured independently of resistance to air flow.
Methods

SUBJECTS
The endurance ofthe diaphragm was studied in 21 experiments performed on six asthmatic volunteers (two female and four male, aged 19-34 years). One author was a subject but the other subjects were ignorant of the hypotheses being investigated. Subjects were studied on three to five separate occasions, with only one endurance test performed in any 24 hour period. All subjects had a history of episodic wheeze and chest tightness and had used asthma medications regularly or intermittently. They were not selected on the basis of severity but were required to react to his-tamine in an incremental challenge'0 sufficien- TLC-total lung capacity; VC-vital capacity. table  2 ). The mean PC20 for all subjects was 6-7 ( 8 7) mg, ranging from 0-5 to 23 mg. When recovery from histamine induced bronchoconstriction was investigated in each subject without an endurance test, mean FEVy decreased to 56% (15%) and recovered to 68% (14%) of the prechallenge FEV, within 10 minutes. Mean end expiratory lung volume (measured in five subjects) initially increased to 124% (13%) ofthe prechallenge value and then decreased to 115% (10%) within 10 minutes. End expiratory lung volume declined linearly as FEVy increased (p < 005, linear regression). All endurance tests (duration six minutes) were completed within 10 minutes of the last dose of histamine. Thus the endurance test had minimal influence on the duration of bronchoconstriction or the increase in end expiratory lung volume.
INSPIRATORY MUSCLE PERFORMANCE Figure 1 shows the maximal inspiratory pressure-volume curves obtained from the six subjects under control conditions. All contractions during the endurance test were within the range of lung volumes used to determine the maximal pressure-volume curves (see also tables 1 and 2).
Representative traces of mouth pressure for subject 3 are shown in figure 2 for the control and histamine endurance tests. Peak pressure was reached in the first 3 seconds of each contraction and pressure then declined progressively with some oscillations. In figure  3 the peak mouth pressures for the 72 contractions performed by subject 3 are plotted as a function of initial absolute lung volume (% observed TLC), and the maximal inspiratory (table 2) . When, however, MIP was normalised to the pressure expected at that lung volume (calculated from the maximal inspiratory pressure-volume curve-see above) it did not differ between the four types of experiment. The mean MIP for all experiments was 99% (8%) of the expected pressure (21 experiments, range 84-116% expected). When the peak and average pressures (% expected) in the better of the final two contractions of each experiment were used to quantify endurance, no significant differences were found between any of the types of experiments (table 2) . When analyses of variance and covariance were used to compare the peak and average pressure (% expected) for all contraclen-tions between the four types of experiments itial there was no significant effect on inspiratory the muscle performance due to hyperinflation or :ted histamine induced bronchoconstriction.
rve. :ion ang Discussion ure This study shows that hyperinflation and his-.nt. tamine induced bronchoconstriction in asth-J in matic subjects do not impair inspiratory muscle line strength or endurance in a six minute test ro-.-requiring repeated maximal efforts, and con-:ts) firm the previous finding that the inspiratory ne-muscles are resistant to fatigue.45 Fatigue is :ts). defined here as any reduction in the force (or ed) velocity) generating capacity of a muscle. Our Using the same protocol with non-asthmatic not subjects, McKenzie and Gandevia'4 found a ons similar decline in mouth pressure (to 87% of the initial maximal pressure), but for the elbow flexors to decline to a similar value the duty cycle had to be decreased 10 fold, from 50% to 5% (that is, the rest interval between contractions was increased from 10 to 200 seconds). In a previous study4 asthmatic subjects showed greater endurance ofinspiratory and expiratory muscles than matched control subjects but similar endurance of the elbow flexors. Their asthma, however, was poorly controlled, and they were selected on the basis of daily symptomatic wheeze of at least 20 minutes' duration to determine whether intermittent airflow obstruction was a training stimulus to the inspiratory muscles. The patients in the present study were unselected apart from the requirement to react to histamine sufficiently to make the FEV, fall to 50-60% of the initial with histamine induced bronchoconstriction, which would be expected with an increase in volume due to measurement artefact. 22 The present results indicate that neither hyperinflation nor histamine induced bronchoconstriction produces any specific impairment of diaphragmatic performance. Further studies will be required to determine whether naturally occurring acute exacerbations of severe narrowing of the airways in asthma produce any impairment in respiratory muscle contractile properties or in the ability to activate the diaphragm fully.
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